Rhythm work in nonmammalian systems has flowered of late but often within less elegant cell types than retinal and SCN neurons. Photosynthetic bacteria and Neurospora house bona fide circadian rhythms (Dunlap, 1996), but the absence of a tight biochemical connection with
So onto the narrow mammalian SCN-neuronal stage circadian waves of gene expression were unaffected by Ara-C treatment, which blocks the cell cycle. leap Schibler and colleagues along with their rat-1 fibroblasts. They had previously identified a transcription
In addition to this startling discovery-the presence of a canonical circadian oscillator in established tissue factor family in mammals including two related bZIP proteins called DBP and TEF. DBP (rat albumin D-eleculture lines-there is even more gold in the details. This includes the demonstration that all of these RNAs, ment-binding protein) was characterized first and discovered to undergo a remarkable circadian oscillation including mPer1 and mPer2, undergo an apparently identical cycle in peripheral tissues like liver in vivo. in protein levels, approximately 100-fold in magnitude; the same is true for TEF (Wuarin and Schibler, 1990;  Remarkably, these transcripts had not been previously assayed for circadian changes in levels in peripheral Fonjallaz et al., 1996) . The protein fluctuations are due in large part to mRNA fluctuations, which are due to tissues. Another nugget is the relationship between the serum circadian regulation of the genes' transcription. These oscillations are not restricted to liver, as comparable shock and the more traditional entraining stimulus used in whole animal studies, light. A phase-shifting light stimoscillations were observed in other mouse peripheral tissues such as lung and kidney, suggesting that one or ulus is known to stimulate the transcription of a set of genes within the SCN. Most of the specific SCN lightmore systemic regulators under circadian control (e.g., cortisol) drives these oscillations in peripheral tissues.
induced genes are transcription factors, so-called immediate-early genes (IEGs). mPer1 and mPer2 have reYet the most recent DBP paper from this laboratory contained a hint that these oscillations may not be totally cently joined this list, as they are also light-inducible (Albrecht et al., 1997; Shearman et al., 1997 ; Shigeyoshi unrelated to the mammalian central oscillator: robust oscillations also occur in the SCN, and there is a 4 hr et al., 1997). Although a definitive experiment is lacking, light-induced gene expression is likely relevant to the phase difference between cycling in the SCN and cycling in the periphery (Lopez-Molina et al., 1997) . Moreover, SCN timekeeping mechanism. IEGs were originally defined as serum-inducible genes, so it is extremely gratithe DBP-knockout mouse showed a small but significant alteration in circadian period compared to the control fying that there is now an empirical connection between light-induction in the SCN and serum-induction in culgenotype. The wide tissue distribution of DBP and TEF expression recalls that of mouse Clock, namely, wideture. In hindsight it is perhaps not surprising that the same genes that are rapidly induced by light in the SCN spread expression in peripheral tissues as well as the brain, with a prominent focus in the SCN. More imporare also rapidly induced after the serum shock in tissue culture. The tissue culture paradigm also allows applicatantly for this study, it also recalls the wide expression pattern of mper1 and mper2 that accompanies their tion of the acid test for IEG induction, namely, cycloheximide-insensitivity. Indeed, serum induction of mPer1 more well-studied expression in the SCN (Albrecht et al., 1997; Shearman et al., 1997; Sun et al., 1997; Tei et and mPer2 RNA levels passes this test, indicating that only posttranslational regulation lies between serum and al., 1997).
The nearly ubiquitous expression of these clock genes the presumed transcriptional induction of the two genes. The guess is that an SRE (serum response element) may suggested to Schibler and colleagues that one might profit from studies in tissue culture. Indeed, immortalbe involved in light induction. One also assumes that IEG activity, including mPer1 and mPer2, then contributes to ized rat-1 fibroblasts, in cell culture for more than 25 years, also express TEF mRNA (as well as many other a subsequent induction or repression of a second wave of clock genes. The ability to transfect the fibroblasts circadian-relevant mRNAs-see below) but apparently without any time-of-day regulation. Discovering that with overexpression or dominant-negative constructs should help establish a more precise role for these two these mRNA levels decreased markedly after feeding with serum-rich medium, they astutely followed out the clock proteins within the cycle. A final fascinating detail includes the fact that all the postfeeding time course and realized that mRNA levels not only decreased but returned to high levels. Manipucycling liver RNAs maintain a 4 hr phase delay relative to the timing program in the SCN. This is identical to lation of the serum treatment, much longer time courses and the analysis of additional cycling mRNAs indicated the phase delay between SCN and liver originally reported for DBP mRNA and suggests that the SCN and that the serum shock resulted in at least three full circadian cycles with an ‫5.22ف‬ hr period. Periodicity was the periphery use different entraining signals: light for the SCN and some circulating molecule(s) for the periphdefined by the waves of mRNA level changes, and every available known in vivo cycling mRNA undergoes an ery. Presumably, the circulating molecule undergoes circadian changes in level or activity. By comparing and oscillation in the fibroblasts comparable to its in vivo circadian cycle. The phenomenon is limited to circadian fractionating serum collected from animals at different times of day, the tissue culture assay should be able to RNAs, i.e., other control RNAs show no temporal changes after the serum shock. The cycling mRNAs include identify the relevant molecule(s). The data also suggest that the SCN is indeed the master clock and controls the mPer1 and mPer2, the rat equivalents, which are expressed in the fibroblasts and cycle with a relative phase activity of the circulating entraining agent. This predicts that an SCN-lesioned animal will lose its peripheral clock relationship identical to what was previously described for the SCN. The tissue culture cycling is not limited to cycling. But this experiment is tricky, as RNA levels in each lesioned animal can only be assayed once-at the rat-1 fibroblast line, as a second cell line shows a similar albeit less potent phenomenon, i.e., fewer robust least with traditional methods. This makes it impossible to distinguish between noncycling on the one hand and cycles after the serum shock. A number of criteria indicated that the cell cycle is irrelevant; for example, the asynchrony on the other. In the latter case, clocks are Besharse, J.C., and Iuvone, P.M. (1983) . Nature 305, [133] [134] [135] running in peripheral tissues but each animal has a ran- between the two possibilities.
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